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(57) Abstract: The present 
invention relates to a system 
and a method for controlling 
the temperature of a selected 
brain hemisphere, to maintain 
a low temperature in the 
selected brain hemisphere. 
When used in conjunction with 
the treatment of stroke, the 
present invention comprises 
cooling the stroke-affected brain 
hemisphere during the time 
necessary to make a diagnosis 
and provide medication, and 
during the time necessary for 
the ischaemic part of the brain to 
recover. The present invention 
also provides for oxygenation of 
the blood before it is cooled and 
reintroduced into the patient. 
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Method and apparatus for cerebral tempering-. 

TECHNICAL FIELD 

The present invention relates to a system and a method for controlling the 
5 temperature of a selected brain hemisphere of a living being. 

BACKGROUND OF THE INVENTION 

In pathological conditions, the body temperature or the temperature of body parts of 
a living being influences the healing process and the risk of permanent damage. Cancer 
10 cells, for example, are heat sensitive, and a local heating of the blood flow around a cancer 
tumour may for some types of cancer constitute a treatment resulting in restrained tumour 
growth, or in some cases even in a shrinking of the tumour. In other cases cooling of a 
body part may be important to reduce adverse secondary symptoms of the pathological 
condition. 

15 In the case of a stroke, the blood flow in the brain is reduced because of a 

haemorrhage or a clogging of a blood vessel. This condition is critical and it is important 
that treatment be initiated in an early stage, to reduce the loss of bodily functions, such as 
paralysis. It is well known that cooling the patient reduces the metabolic turnover in the 
brain, which in turn lowers the release of harmful signal substances. This may prevent such 

20 damage to the blood-brain barrier as could lead to the death of brain cells. A cooling of the 
patient therefore also results in a reduction of the symptoms of neurological deficit. 
However, there are certain problems associated with the cooling of an entire patient. One is 
that the cooling takes a considerable amount of time, another that it must be carried out 
under anaesthesia, and a third that there is a risk of cardiovascular complications when the 

25 patient is reheated. 

There are several methods in the prior art to carry out a more isolated cooling of a 
single organ or body part. An example of cooling of the brain is disclosed in patent 
document WO 98/23217, relating to a method of cerebral retroperfusion and retroinfusion, 
involving the cooling of arterial blood which is then returned to the entire brain. However, 

30 this method entails a large and complicated surgical procedure, which delays the inset of 
treatment. In cases where the primary objective is to lower the temperature of one of the 
hemispheres of the brain, cooling the entire brain also means a certain loss of efficiency. 

The American patent document US 5 906 588 discloses a method and a device for 
heart-lung bypass and cooling of a specific body part. This disclosure primarily relates to 

3 5 complicated heart surgery and organ transplantations. 

PURPOSE OF THE INVENTION 

The purpose of the present invention is to provide a system and a method for 
simple, quick and efficient control of the temperature of a selected brain hemisphere. 
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Another purpose of the invention is to provide a system and a method for quick and 
simple cooling that also supports diagnostic measures such as magnetic resonance imaging 
(MRI), i.e. cooling without inserting metal components into the body of the patient. 

5 BRIEF DESCRIPTION OF THE INVENTION 

According to the invention the purpose indicated above is achieved by establishing 
an extra-corporeal blood conduit from a vein, preferably in the lower half of the body, 
modifying the temperature of the blood outside the body, and returning it through an 
artery, e.g. the arteria carotis communis, sinister or dexter, or some other artery that 
10 supplies blood to the selected brain hemisphere. This accomplishes a quick temperature 
change in the selected brain hemisphere, involving only a comparatively minor surgical 
procedure. 

When treating for example a case of stroke, the affected brain hemisphere can be 
cooled quickly according to the method of the invention, resulting in a reduction of the 
15 symptoms of functional loss. Preferably, continued cooling is maintained in order to keep 
the temperature of the brain hemisphere lowered for as long as it takes to diagnose, 
medicate and restore the functions of the ischaemic brain section. 

A further embodiment of the invention involves, in addition to cooling or heating 
Hie blood, oxygenation of the blood to improve oxygenation of the selected brain 
20 hemisphere. 

The invention comprises a system, equipment components and a method. 

DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further detail below, with reference to the 
25 accompanying drawings, of which 

Fig. 1 is a block diagram indicating the steps of a method according to one 
embodiment of the invention; 

Fig. 2 is a schematic illustration of a first embodiment of the system according to 
the invention; 

30 Fig. 3 is a schematic illustration of veins and arteries forming a part of the vascular 

system of a human being; and 

Fig. 4 illustrates schematically how the catheter is arranged in the arteria subclavia 
dexter, in a second embodiment of the system according to the invention. 

35 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method, a system and a set of disposable 
equipment components for controlling the temperature of a selected brain hemisphere. The 
method according to the invention in its most general form comprises the steps of using a 
perfusion pump to 
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circulate, extra-corporeally, venous blood from a patient through a heat exchanger 
to regulate the temperature of the blood by cooling or heating it; 

reintroduce cooled or heated blood into the patient through an artery leading blood 
to a selected brain hemisphere, the blood in turn modifying the temperature of the 
5 selected brain hemisphere; 

maintain circulation and temperature control of the blood until the desired 
temperature control of the brain hemisphere has been accomplished, and for a desired 
period of time thereafter. 

The venous blood is extracted from a suitable vein, preferably the vena femoralis, 
10 by means of a blood extraction device. A device for the reintroduction of blood into the 
body is inserted, preferably into an artery supplying blood to the selected brain hemisphere, 
to regulate the temperature of that brain hemisphere. 

The blood preferably also passes through an oxygenator to oxygenate the blood. In 
different embodiments, this oxygenation is carried out before or after temperature 
15 regulation. 

Below, the invention will be explained by reference to examples of embodiments 
thereof, primarily relating to cooling a selected brain hemisphere in conjunction with 
treatment of a case of stroke in a human patient, and it is obvious to a person skilled in the 
art that the invention can be adapted to different uses within the scope of the independent 
20 claims. 

It may be noted that a selected brain hemisphere is cooled primarily in relation to 
the choice of artery into which the cooled blood is introduced, but a secondary cooling of 
the entire brain also takes place, as a result of the blood flow between the hemispheres. 



25 System and method for the treatment of stroke 

Figs. 1, 2 and 3 illustrate an embodiment of the system and the method according to 
the invention. The system according to the invention also comprises a set of disposable 
components, packaged in a kit. The system according to the invention is explained by 
reference to the general steps of the method; in different embodiments these steps can be 

30 executed in different order. A first embodiment comprises the steps of: 
1. Percutaneous insertion of a first catheter into the vena femoralis 

A device for the extraction of venous blood, preferably in the form of an introducer 
or a first catheter, is inserted percutaneously into for example the patient's vena femoralis, 
to extract venous blood from the patient Some other vein may be used to extract venous 

3 5 blood, but the vena femoralis is suitable because it is fairly large and is easily reached for 
percutaneous attachment of a blood extraction conduit. This first catheter preferably has an 
outer diameter smaller than the normal inner diameter of the vena femoralis, so as not to 
stop entirely the flow of venous blood around the introducer, but large enough to give a 
sufficient flow of extracted blood. For an adult patient an outer diameter of approximately 
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8-14 French (F) and an inner diameter as large as possible in relation to the outer diameter 
would be suitable. For children or grown-ups with other vein dimensions, the dimensions 
of the catheter will obviously have to be modified accordingly. The catheter has a conical 
extra-corporeal coupling for low flow resistance during perfusion. This coupling is 
5 provided with a seal that can be perforated, for example by a guide wire and/or a dilator, to 
prevent unnecessary bleeding. The seal can also be removed for attachment to an extra- 
corporeal circuit. Preferably, the catheter is heparinized internally and externally, to 
counteract coagulation of the blood that comes into contact with the catheter. 
2. Percutaneous entry of a catheter into the arteria carotis communis 
1 0 A device for the reintroduction of blood, preferably in the form of a second 

catheter, is entered percutaneously into the arteria femoralis, to return cooled blood to the 
patient This second catheter, like the first one, has a conical extra-corporeal coupling for 
low flow resistance during perfusion. This coupling is provided with a seal that can be 
perforated, for example by a guide wire and/or a dilator, to prevent unnecessary bleeding. 
1 5 The seal can also be removed for attachment to an extra-corporeal circuit Using a guide- 
wire, the second catheter is guided according to prior art, from the arteria femoralis via the 
aorta and the aortic arch to the arteria carotis communis, sinister or dexter, which supplies 
the selected brain hemisphere with blood. The second catheter is preferably placed caudally 
of the branching of the arteria carotis interna and the arteria carotis externa. In an 
20 alternative embodiment, to be used if for some reason it is impossible or undesirable to 
enter via the arteria femoralis, the second catheter is inserted in the arteria carotis 
communis via an artery in the axilla. 

The placement of the second catheter in the arteria carotis communis is preferably 
carried out manually, using angiography to indicate the position of the catheter, but 
25 obviously any other suitable method of fluoroscopy can be applied. When the distal open 
end of the second catheter has reached the correct position in the arteria carotis communis, 
the guide wire is retracted, which leaves the second catheter ready for attachment to the 
extra-corporeal blood conduit 

The second catheter is preferably heparinized internally and externally, to 
30 counteract coagulation of the blood that comes into contact with the catheter. The arterial 
catheter further has an outer diameter which is less than the inner diameter of the artery, so 
as not to block the normal arterial blood flow completely, but large enough to secure a 
satisfactory supply of temperature-regulated blood to the brain hemisphere. For an adult 
patient an outer diameter of approximately 8-14 French (F) and an inner diameter as large 
35 as possible in relation to the outer diameter would be suitable. The length of the second 
catheter should be sufficient to reach the carotis communis from the arteria femoralis, 
which for an adult patient corresponds to about 60 to 100 cm. Just as for the first catheter, 
the dimensions of the second catheter should be adapted when applying the invention to 
patients of other body sizes. 
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In addition to the supply of blood of lowered temperature to the patient, other 
substances may be injected into the brain hemisphere, through a lateral opening provided 
for this purpose in the extra-corporeal part of the arterial catheter. Such substances might 
for example be contrast medium for the fluoroscopic observation of the flow of the 
5 supplied blood, or substances that influence the condition of the intra-cerebral arteries, for 
example drugs like heparin and fibrinolytic substances. 

3. Attachment of the venous catheter and the arterial catheter to an extra-corporeal 
blood conduit 

1 0 The inlet of a blood conduit such as a blood tube is attached according to prior art 

to the other opening of the venous catheter, and the tube is passed through a perfusion 
pump. The blood tube preferably consists of an internally heparinized biocompatible 
plastic material, and has a diameter suited to its purpose. The blood tube passes through a 
circulation pump according to prior art, a so called perfusion pump, preferably equipped 

1 5 with rollers exerting a peristaltic effect externally on the tube. 

The blood tube extends from the pump to a heat exchanger, which in this particular 
embodiment is arranged for cooling the blood, but which in another embodiment may be 
arranged for heating it. In one type of heat exchanger the blood tube passes through a 
device which supplies or removes heat energy from the blood through the walls of the 

20 blood tube. In another type of heat exchanger, the blood tube is attached to a heparinized 
heat-exchanging bag with blood canals, providing a large surface area for heating/cooling. 
In the embodiment intended for the treatment of stroke, the heat exchanger should be 
capable of cooling blood to a temperature between 0 and 37°C. In some cases, a small 
temperature fall of only a few degrees is desirable, for example a cooling to 34°C, whereas 

25 in other cases a larger temperature fall is desirable, such as down to 0- 5°C. Within other 
areas of application, a heating of the blood may be desirable, such as from 37°C to 
40- 42°C. As the selected brain hemisphere is cooled/heated, the general body temperature 
also falls/rises, and accordingly the temperature of the venous blood extracted. The heat 
exchanger therefore must be controlled so as to keep the blood returned to the body after 

3 0 cooling/heating at the desired temperature. 

Optionally, the blood conduit may be attached to an oxygenator according to prior 
art, before or after the heat exchanger, in order to oxygenate the blood, preferably to a level 
equivalent to that of arterial blood. 

One outlet end of the extra-corporeal blood circuit is attached to the proximal end 

35 of the arterial catheter reaching into the arteria carotis communis, from the heat exchanger 
or in relevant cases from the oxygenator, which completes the configuration of the 
temperature controlling system and makes it ready for use. 

In the description above, the circulation pump has been assumed to be placed in the 
proximity of the place of extraction of venous blood, but it can also be placed elsewhere in 
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the extra-corporeal blood circuit, for example immediately before the blood return catheter. 
In such a case, the rest of the blood conduit should be primed before start with isotonic 
solution. 

In one embodiment of the invention, an open reservoir containing, for example, 
5 priming solution or blood, is arranged between the venous catheter and the circulation 
pump, and a shunt, in the form of an internally heparinized blood tube, has been arranged 
extra-corporeally to create a connection from one section between the venous catheter and 
the reservoir to another section between the arterial catheter and the heat 
exchanger/oxygenator. By closing the flow of blood to/from the vein and opening the flow 

1 0 from the artery, blood will flow out of the arterial catheter, and will be pumped by the 
circulation pump to the reservoir, whereby the system will be purged of any air present. 
Any air present on the venous side can then be removed similarly by stopping the flow of 
blood to/from the artery and using the circulation pump to make the venous blood flow to 
the reservoir. When the system has been purged of air, the blood flow through the shunt is 

1 5 stopped, for example by means of an artery forceps, and the circulation of blood, according 
to the description below, can be started. 

A kit containing disposable articles comprises one or several blood tubes according 
to the specifications above, configured to be attached to the inlet and the outlet sides, 
respectively, of the blood extraction/retum devices, a circulation pump, a heat exchanger, i 

20 an oxygenator and blood extraction/return devices. 

4. Circulating blood through the extra-corporeal blood circuit while cooling and 
optionally oxygenating it 

When the system for temperature control has been configured, circulation of blood 
25 through the extra-corporeal circuit is started, involving the extraction of venous blood from 
the vena femoralis, cooling it to the desired temperature in the heat exchanger, for example 
to a temperature between 0 and 37°C, optionally oxygenating it in the oxygenator, and 
finally reintroducing it into the patient via the arteria carotis communis, sinister or dexter. 
The cooled blood flows from there into the selected brain hemisphere, which is cooled 
30 swiftly and efficiently. 

5. Percutaneous arrangement of a thermistor in the vena jugularis interna 

To support a good regulation of the temperature, a temperature sensor, a so called 
thermistor, is placed percutaneously in a vena jugularis interna in the same lateral body 
3 5 half as the selected brain hemisphere. Through the vena jugularis interna, the blood is 
transported away from the brain, and the thermistor gives off a signal that reflects the 
temperature of the blood leaving the brain, thus indicating the temperature of the brain 
hemisphere being thermally regulated. The thermistor preferably consists of some suitable 
disposable material, which preferably is heparinized. The dimensions of the part inserted 
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into the vena jugularis interna should be small enough to prevent any significant 
obstruction of the venous blood flow. 

The output of the thermistor may be used in different ways. In one embodiment, the 
signal is transferred to a regulator, which controls the heat exchanger or the circulation 
5 pump or both, in order to achieve a regulated temperature level in the selected brain 
hemisphere. Alternatively, or in addition, the signal may be transferred to an indicating 
device, such as a visual display showing the current temperature of the blood in the vena 
jugularis interna, and hence the approximate temperature of the selected brain hemisphere. 

10 In a second embodiment of the invention, the device for returning the blood, 

preferably consisting of a heparinized and hydrophilic catheter, is inserted percutaneously 
into the arteria radialis, dexter or sinister, and positioned in the arteria subclavia, dexter or 
sinister, according to which hemisphere of the brain is chosen for thermal regulation (see 
Fig. 4). The said device for returning the blood is preferably a catheter with a diameter 

15 corresponding to h- 10 F, preferably 4- 8 F. In addition, the extra-corporeal part of the said 
device for returning the blood is capable of being attached to the said blood conduit and 
hence to the said circulation pump. According to the description above, the pump is set up 
to circulate the blood through the blood conduit, from the blood extraction device to the 
blood return device via a heat exchanger, resulting in the return of thermally regulated 

20 blood to the patient. The blood conduit may also be attachable to an oxygenator, which 
enables oxygenation of the blood, and to a reservoir, in which the extracted blood may be 
mixed with some other solution, containing for example Ringer's acetate solution and 
drugs, before being returned to the patient. To achieve a quick thermal regulation of the 
selected brain hemisphere, the perfusion may initially consist of some perfusion solution, 

25 such as Ringer's acetate, containing an antioxidant or a drug, followed in a second stage by 
thermally regulated blood which is returned to the patient. According to this second 
embodiment, a compression cuff, such as a tourniquet or the like, is placed on the arm in 
question, i.e. the arm into which the device for returning the blood is inserted, in order to 
suppress peripheral circulation and to increase the pressure in the blood vessel, making the 

30 pressure of the returning blood equal to the pressure exerted by the heart on the blood, 
which in consequence results in a flow velocity of 10- 12 ml/s. The flow velocity may 
optionally be regulated in such a way as to make the blood in the arteria vertebralis dexter 
and the arteria carotis dexter perfuse with a spill-over to the arcus aortae, the flow along the 
aorta curvatura major being laminar. This is desirable in order to allow the maximum share 

35 of the spill-over to reach the aorta carotis sinister. The above arrangement will prevent flow 
backwards toward the valvular section. 

As soon as the thermal regulation has started, diagnostic work can be initiated, such 
as magnetic resonance imaging, or some other form of diagnostic examination, without 
having to abort the thermal regulation as described above. When the periferal blood has 
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reached the desired temperature, for example 32°C, the thermal regulation described is 
aborted, and the temperature reached can be maintained using conventional cooling 
blankets or the like. 

5 The present invention has been described above with reference to exemplifying 

embodiments, and it is obvious to a person skilled in the art that the invention may be 
modified in other ways within the scope of the appended claims. 
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1 . A system for controlling the temperature of a brain hemisphere of a living being, 
comprising: 

5 - a device for extracting blood from a vein; 

- a blood conduit consisting of one or more parts, the first end of which can be attached 
to the device for extracting blood; 

- a circulation pump, arranged to pump blood through the blood conduit; 

- a heat exchanger, which can be attached to the blood conduit and is arranged to 
10 regulate the temperature of blood to a desired temperature; and 

- a device for blood return, which can be attached to the other end of the blood conduit 
and is arranged to reintroduce blood into the patient through an artery that supplies the 
selected brain hemisphere with arterial blood. 

15 2. A system according to claim 1 , wherein the blood return device is arranged to 

reintroduce blood into the patient through the arteria carotis communis, sinister or 
dexter, which supplies the brain hemisphere with arterial blood. 

3 . A system according to claim 1 , wherein the blood return device is arranged to 

20 reintroduce blood into the patient through the arteria subclaiva, sinister or dexter, which 
supplies the brain hemisphere with arterial blood. 

4. A system according to claim 1, further comprising an oxygenator, which can be 
attached to the blood conduit and is arranged to oxygenate blood to a desired oxygen 

25 concentration. 

5. A system according to claim 1, wherein the blood extraction device is a first catheter, 
preferably arranged to be inserted into the vena femoralis, having an outer diameter of 
approximately 8 to 14 French. 

30 

6. A system according to claim 1 , wherein the blood return device is a second catheter, 
preferably arranged to be inserted into the arteria femoralis and extending through the 
aorta and the aortic arch up to the selected arteria carotis communis, having an outer 
diameter of approximately 8 to 14 French. 

35 

7. A system according to claim 1, wherein the blood return device is a catheter, preferably 
arranged to be inserted through the arteria radialis and extending to the arteria 
subclavia. 
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8. A system according to claim 1, wherein the blood return device further comprises a 
lateral opening, arranged for the injection of liquid into the selected brain hemisphere. 

9. A system according to claim 1, wherein the said blood extraction device and the said 

5 blood return device further comprise a conical extra-corporeal coupling, providing low 
flow resistance during perfusion and fitted with a seal. 

10. A system according to claim 1, further comprising a temperature sensor, arranged to be 
entered percutaneously into the vena jugularis interna on the same lateral body half as 

10 the selected brain hemisphere. 

1 1 . A system according to claim 7, wherein an output signal from the temperature sensor is 
transferred to a regulator, arranged to regulate the heat exchanger and/or the circulation 
pump in relation to the temperature of the blood in the vena jugularis interna and a set 

15 value. 

12. A system according to claim 7, wherein an output signal from the temperature sensor is 
transferred to an indicating device, arranged to indicate visually the temperature of the 
blood in the vena jugularis interna. 

20 

13. A system according to claim 1, wherein the heat exchanger is arranged to cool the 
blood to a temperature in the range of 0- 37°C. 

14. A system according to claim 1, wherein the heat exchanger is arranged to heat the 
25 blood to a temperature in the range of 37 - 42°C. 

15. A method for controlling the temperature of a brain hemisphere of a living being, 
comprising the steps of: 

- extracting venous blood; 

30 - thermally regulating the blood extra-corporeally; and 

- reintroducing the thermally regulated blood into an artery supplying the brain 
hemisphere with arterial blood. 

16. A method according to claim 15, wherein the thermally regulated blood is reintroduced 
35 through the arteria carotis communis, sinister or dexter, which supplies the selected 

brain hemisphere with arterial blood. 

17. A method according to claim 15, wherein the thermally regulated blood is reintroduced 
through the arteria subclavia, sinister or dexter, which supplies the selected brain 
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hemisphere with arterial blood. 

( 

18. A method according to claim 15, wherein the venous blood is extracted from the vena 
femoralis. 

5 

19. A method according to claim 15, wherein the blood is returned to the selected arteria 
carotis communis by means of a second catheter, inserted into the arteria femoralis and 
extending through the aorta and the aortic arch. 

10 20. A method according to claim 15, wherein the blood is returned to the selected arteria 
subclavia by means of a catheter percutaneously inserted into the arteria radialis. 

21 . A method according to claim 15, wherein the blood is oxygenated preferably to an 
oxygen concentration corresponding to that of arterial blood. 

15 

22. A method according to claim 15, wherein the blood is cooled to a temperature in the 
range ofO-37°C. 

( 23. A method according to claim 1 5, wherein the blood is cooled to a temperature of 32°C. 

20 

24. A method according to claim 1 5, applied to a brain hemisphere exposed to a stroke, 
wherein the blood is cooled and circulated until medical measures have been taken 
and/or until the ischaemic part of the brain has recovered. 

25 25 . A method according to claim 15, wherein the blood is heated to a temperature in the 
rangeof37-42°C. 
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